Few laboratory tests provide as much comprehensive information as does cardiopulmonary exercise (CPX) testing with the measurement of maximal oxygen uptake (VO 2max , ml/kg per minute).
Few laboratory tests provide as much comprehensive information as does cardiopulmonary exercise (CPX) testing with the measurement of maximal oxygen uptake (VO 2max , ml/kg per minute). 1 Besides providing an objective appraisal of cardiorespiratory fitness, the data acquired during CPX testing with breath-bybreath determination of VO 2 , carbon dioxide outflow (VCO 2 ) and minute ventilation (VE) allow us to discriminate ventilatory from circulatory and skeletal muscle disorders ( Figure 1 ). 2, 3 Despite the wealth of information associated with the measurement of VO 2max , CPX testing is underutilized in healthy subjects and patients with dyspnea or poor functional capacity.
In the present issue of the European Journal of Preventive Cardiology, de Souza e Silva and colleagues suggest that the error in VO 2max reference standards particularly in women and morbidly obese patients may contribute to the underutilization of CPX in clinical practice. 4 Thus after the review of 70% of CPX data of the multicenter initiative, the Fitness and the Importance of Exercise: A national Data Base (FRIEND) registry, de Souza e Silva et al. selected age, sex, weight, height and exercise mode to derive a new predictive equation for VO 2max . The authors successfully validated the new equation-derived VO 2max values against measured VO 2max values in the remaining 30% of the FRIEND registry CPX data that were not used and in an independent Brazilian set of measured VO 2max data. Finally, when compared to pre-existing predictive equations for VO 2max , measured and predicted VO 2max are significantly closer to the equation of de Souza e Silva et al. than to pre-existing equations.
By providing more accurate VO 2max reference standards de Souza e Silva and colleagues are definitively helping clinicians quantify the relative cardiorespiratory fitness of their patients, thereby providing a thorough appraisal of risk stratification and prognosis. Moreover, precise quantification of relative cardiorespiratory fitness may reveal an already substantial loss of cardiorespiratory reserve in an otherwise asymptomatic patient.
Even so, many issues remain unresolved regarding CPX testing with the measurement of VO 2 , VCO 2 and VE. The limitation with snap shot information that is relevant to any single measurement is particularly pertinent to the single determination of VO 2max . Maximal aerobic capacity is highly influenced by baseline functional training along with the genetic make-up of the tested individual. For instance, a VO 2max of 35 ml/kg per minute that is inconsequential in a 55-year-old sedentary man may be the first evidence of substantial deterioration of cardiopulmonary function in a former semi-professional road cyclist of similar age.
The attainment of plateau of VO 2 despite increasing workloads indicates by convention that individuals have reached VO 2max . 5 However, most aging healthy individuals and symptomatic patients do not reach a plateau in VO 2 during graded maximal exercise testing. Thus, secondary (indirect) criteria have been proposed to ascertain that subjects and patients have reached VO 2max . These include a respiratory exchange ratio threshold, age predicted maximal heart rate, blood lactate concentration and Borg's rating of perceived effort scale. 6, 7 Unfortunately, none of these secondary criteria provide reliable evidence that VO 2max has been reached. A replication phase in which the subject performed a secondary CPX testing at a supra-maximal workload has recently been proposed to resolve this conundrum. 7 However, the methodological details of the verification phase are still work in progress.
The reference equation for maximum functional capacity for a treadmill and cycle ergometer was derived by de Souza e Silva et al. from the data of 10,881 selected individuals who underwent CPX testing with VO 2max measurement in the USA. The ethnic background of these individuals is not mentioned. Non-Hispanic black subjects have a reduced maximal Tulane University Heart and Vascular Institute, Tulane School of Medicine, USA exercise capacity compared to Caucasians. 8 The lower VO 2max of non-Hispanic blacks appears to be related to decreased skeletal muscle oxidative capacity and capillary density. 9 Ethnic background may need to be taken into account particularly at lower VO 2max when small differences have a greater impact on risk stratification and prognostication.
Finally, the equation of de Souza e Silva et al. for functional capacity overestimates VO 2max in individuals with a body mass index of 35 kg/m 2 or greater. Weight indexed normalization of VO 2max results in underestimation and misinterpretation of cardiorespiratory fitness in obese individuals. Normalization based on weight adjusted for body fat such as body cell mass or lean mass may bestow a more accurate assessment of cardiorespiratory fitness in obese individuals. 10, 11 Obesity is associated with insulin resistance that inversely correlates with VO 2max . Thus equations accounting for insulin resistance may be warranted to predict VO 2max in obese individuals. 12 In summary, the proposed reference equation for functional capacity on a treadmill and cycle ergometer improves the accuracy of CPX testing for evaluation of relative cardiorespiratory fitness. However, much work remains to be done if CPX testing is to become accurate and widely applicable. As multiple factors influence CPX results, obtaining CPX in every decade of adult life might serve as the best comparative assessment for a given individual. This might also open up a vista for research and insight into understanding cardiorespiratory fitness.
Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article. 
